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Electrical Contact for Optoelectronic Semiconductor Chip and 

Method for its Production 

related applications 

[0001] This patent application claims the priority of the German patent 
applications 10308325.1 filed February 26, 2003 and 10350707.8 filed October 30, 
2003, the disclosure of which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The invention relates to an electrical contact for an optoelectronic 
semiconductor chip and to a method for its production. 

BACKGROUND OF THE INVENTION 

[0003] In modern production methods for light-emitting diodes (LEDs), the light- 
emitting layer sequence is often first grown on a growth substrate, subsequently applied 
to a new carrier, and then the growth substrate is detached. This method has on the 
one hand the advantage that growth substrates, in particular growth substrates suitable 
for the production of nitride compound semiconductors, which are comparatively 
expensive, can be reused. Such a device is known for example from US patent 
application Serial No. 10/377,363. This method, referred to as thin-film technology, also 
has the advantage that the detachment of the original substrate allows the 
disadvantages of the latter, such as for example a low electrical conductivity and 
increased absorption of the radiation generated or detected by the optoelectronic 
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device, to be avoided. As a result, the efficiency of LEDs, in particular the brightness, 
can be increased. 

[0004] A further technology for the production of highly efficient LEDs is so-called 
flip-chip technology. Such a device is disclosed for example in US Patent No. 
6,514,782. Described therein is a radiation-emitting semiconductor chip which is 
connected to a carrier substrate both by the n contact and by the p contact by means of 
a direct soldered connection. 

[0005] Both in thin-film technology and in flip-chip technology, it is advantageous 
to form the contact between the semiconductor chip and the carrier substrate as a 
reflecting contact. In this way, penetration of the radiation generated or detected by an 
optoelectronic device into the contact is avoided and consequently the absorption 
losses are reduced. 

[0006] Such a reflecting electrical contact is disclosed for example in US Patent 
No. 6,194,743. In this document, a silver layer is specified as a suitable ohmic contact 
for a p-type GaN semiconductor. However, mention is also made of the low adhesive 
strength and corrosion resistance of silver layers on nitride compound semiconductors. 

SUMMARY OF THE INVENTION 

[0007] One object of the invention is to provide an improved electrical contact. 
[0008] Another object of the invention is to provide an electrical contact having 
high reflectivity, good ohmic contact with respect to a semiconductor, good adhesion on 
the semiconductor and good adhesion of the layers forming the contact with one 
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another, good thermal stability, high stability with respect to environmental influences, 
and also solderability and patternability. 

[0009] A further object of the invention is to provide a method for producing such 
a contact. 

[0010] This and other objects are attained in accordance with one aspect of the 
present invention directed to an electrical contact of an optoelectronic semiconductor 
chip, comprising a mirror layer, comprised of a metal or a metal alloy adapted to be 
formed over the semiconductor chip, a protective layer over said mirror, a layer 
sequence of a barrier layer and a coupling layer over said protective layer, and a solder 
layer over said layer sequence. 

[0011] Another object of the invention is directed to a method for producing an 
electrical contact of an optoelectronic semiconductor chip, comprising providing a mirror 
layer, comprised of a metal or metal alloy, over the semiconductor chip, providing a 
protective layer over said mirror layer, providing a layer sequence of a barrier layer and 
a coupling layer over said protective layer, and providing a solder layer over said layer 
sequence. 
[0012] 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Figure 1 shows a schematic cross section through an embodiment of an 
electrical contact according to the invention and 
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[0014] Figure 2A-2E show schematically represented intermediate stages to 
explain the patterning by means of the lift-off technique. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 shows a semiconductor chip 1, to which an embodiment of an 
electrical contact according to the invention has been applied. The semiconductor chip 
may have on its surface, for example, a material from the group of nitride compound 
semiconductors, a nitride compound semiconductor being understood as meaning a 
nitride compound of elements of the third and/or fifth main group, in particular GaN, 
AIGaN, InGaN, AllnGaN, AIN or InN. 

[0016] A mirror layer 2 has been applied to the semiconductor chip 1 . The mirror 
layer contains a metal or a metal alloy, preferably one of the following metals: silver, 
aluminum or platinum. The mirror layer 2 is preferably between 70 nm and 130 nm 
thick. The mirror layer 2 reflects the radiation that is incident from the direction of the 
optoelectronic semiconductor chip 1 and thereby prevents the absorption of this 
radiation in the electrical contact. Apart from this advantageous optical property, the 
mirror layer also establishes an ohmic contact with respect to the semiconductor. For 
example, a Pt/AI combination may be used for establishing an ohmic contact on an 
InGaN semiconductor. On p-GaN semiconductor material, a silver layer is suitable for 
establishing an ohmic contact. 

[0017] Furthermore, a protective layer 3 has been applied to the mirror layer 2, in 
order to protect it from corrosion in further process steps. The protective layer 3 is 
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preferably a titanium or platinum layer between 5 nm and 15 nm thick. In the case of 
wet-chemical patterning of the mirror layer 2, titanium is preferably used as the material 
for the protective layer 3, since the etching of platinum is technically very difficult. 
[0018] An improvement of the adhesion of the mirror layer 2 on the 
semiconductor chip 1 can be achieved by an annealing step. For example, a mirror 
layer 2 of silver is annealed for approximately 5 minutes at 300°C. In the case of wet- 
chemical patterning of the mirror layer 2, this annealing step can be carried out directly 
after the coating. 

[0019] A further possibility for improving the adhesion of the mirror layer 2 is to 
apply a layer 13 of an electrically conductive material between 0.1 nm and 0.5 nm thin 
to the semiconductor chip 1 before the application of the mirror layer 2. This thin layer 
13 may be deposited over the surface area or in the form of islands. The thin layer 13 
preferably contains Pt, Pd or Ni. It is particularly advantageous to use these materials 
on a surface of a semiconductor chip 1 having a nitride compound semiconductor 
material and when a mirror layer 2 which contains Ag or Al is used. 
[0020] A barrier layer 4 has been applied to the protective layer 3. The barrier 
layer 4 preferably contains TiW(N) and is approximately 300 nm to 500 nm thick. By 
patterning the barrier layer 4 by means of the lift-off technique, which is described in still 
more detail below, a complete coverage of the mirror layer 2 and of the protective layer 
3 with the barrier layer 4 can be achieved. The patterning of the following layers can 
also take place by means of this lift-off technique. One advantage of this type of 
patterning is the low thermal loading of the system of layers. 
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[0021] A coupling layer 5, which ensures good adhesion of the layers that follow, 
has been applied to the barrier layer 4. The coupling layer 5 is preferably a titanium 
layer between 30 nm and 70 nm thick. It should be understood that the position of the 
coupling layer and the barrier layer in the layer sequence may be interchanged. 
[0022] A wetting layer 6, which brings about uniform wetting of the contact area 
with the solder during the later soldering operation, has preferably been applied to said 
coupling layer. The wetting layer 6 is preferably a platinum layer between 70 nm and 
130 nm thick. 

[0023] A solder layer 8, which may be either a hard solder, such as for example 
AuSn, or a soft solder, such as for example Sn, has been applied to the wetting layer 6. 
The solder layer 8 has been applied for example by means of the PVD technique or by 
means of electro-deposition. Patterning of the solder layer 8 is possible by means of 
the lift-off technique described above or by means of wet-chemical patterning. 
[0024] The solder layer 8 may optionally be covered with a gold layer 9, which is 
preferably between 30 nm and 70 nm thick. 

[0025] Advantageously inserted between the wetting layer 6 and the solder layer 
8 is a gold layer 7, which protects the system of layers lying under it from corrosion 
before the application of the solder layer 8. This is advisable in particular whenever a 
mask layer applied for the patterning of the system of layers produced up to this time is 
removed before the application of the solder layer. The preferred thickness of such a 
gold layer 7 when an Sn solder is used is approximately 70-130 nm, when an AuSn 
solder is used approximately 400 nm to 800 nm. The function of the wetting layer 6 is 
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retained in spite of this intermediate layer, since the gold layer 7 melts during the later 
soldering operation. 

[0026] In the soldering operation it is possible, but undesired, for the solder to 
reach the side flanks of the semiconductor chip. In order in this case to prevent a short- 
circuit of the solder with the semiconductor layers ending at the side flanks of the 
semiconductor chip, the side flanks may be provided with a passivation 1 1 , for example 
of silicon dioxide or silicon nitride. 

[0027] A contact of this type is suitable in particular for use in flip-chip technology 
and thin-film technology. A thin-film semiconductor body is to be understood for the 
purposes of the invention as meaning a semiconductor body which is epitaxially grown 
on an epitaxial substrate and from which the epitaxial substrate has been detached. 
[0028] The thin-film semiconductor body is for example connected by the 
electrical contact to a carrier body (not shown, but which would be located above the 
solder layer). The materials of the solder layer 8 and of the carrier body are preferably 
made to match each other in such a way that they can form an alloy, in particular a 
eutectic alloy, that is to say no metallurgical barrier exists between the solder layer 8 
and the carrier body. The material of the carrier body can begin to melt during the 
soldering operation and consequently serve as a material reservoir for the forming of a 
eutectic alloy. Furthermore, incipient melting of the carrier body at the soldering 
location may advantageously have the effect that any particles possibly occurring during 
the soldering operation can melt into the carrier. As a result, the intercalation of 
particles between the carrier body and the semiconductor chip 1, which could increase 
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the distance between the carrier and the semiconductor chip, is reduced. The forming 
of voids is also likewise reduced. 

[0029] The combination of a solder layer 8 of AuGe with a Ge carrier or the 
combination of an AuSi solder layer 8 with a Si carrier is particularly advantageous. A 
Ge carrier is suitable in particular for the production of thin-film LEDs, in the case of 
which a growth substrate of sapphire is detached by means of a laser lift-off method, 
since germanium has a similar coefficient of expansion to sapphire and therefore 
mechanical stresses are reduced by the heat produced in the detachment process. 
[0030] The eutectic temperatures which have to be achieved or exceeded in the 
soldering operation are for AuGe approximately 361 °C and for AuSi approximately 
363°C. When such solders are used, the system of layers of the contact must be stable 
at the soldering temperature. On account of the required thermal stability, the thin layer 
13 which is inserted between the semiconductor chip 1 and the mirror layer 2 to improve 
the adhesion of the mirror layer 2 preferably contains palladium or a nickel oxide. A 
contact with a thin layer 13 of one of these materials is also relatively insensitive to 
hydrogen-containing contaminants, which may be integrated into the system of layers 
during the epitaxy. 

[0031] Suitable for example for the patterning of an electrical contact according to 
the invention are known methods of wet-chemical patterning, which are not to be 
explained in any more detail here. The so-called lift-off technique (lift-off method) is 
preferably used for the invention. The method steps in the lift-off technique are 
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explained in more detail below by way of example on the basis of the patterning of the 
mirror layer 2 in conjunction with Figures 2a to 2e. 

[0032] As represented in Figure 2a, a mask layer 10 of a photoresist is first 
applied to the semiconductor chip 1 . 

[0033] By means of suitable exposure, developing and etching, a window is 
produced in the mask layer 10, having a strong undercut as represented in Figure 2b. 
The undercut may be formed for example by underetching with a suitable etchant. As a 
result, the mask layer has a narrower cross section on the side remote from the 
semiconductor chip than on the surface of the semiconductor chip. The flanks of the 
mask layer facing the window preferably form an angle of less than 75° with the surface 
of the semiconductor chip 1. Since the conditions for producing such a window are 
known to a person skilled in the art, they are not explained in any more detail at this 
point. 

[0034] Subsequently, the mirror layer 2 is applied to the semiconductor chip by a 
directed coating technique, for example by vapor deposition. The depositing of the 
mirror layer 2 takes place substantially only onto the region of the semiconductor chip 1 
that is not shadowed by the mask layer 10 in the vapor-depositing direction 12, while 
the regions of the semiconductor chip 1 lying under the undercut of the window are 
shadowed and, as represented in Figure 2c, are not covered by the mirror layer 2. In 
the same way, further layers, for example a protective layer 3 for the mirror layer 2, can 
then be applied to the semiconductor chip 1 (not represented). 
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[0035] In the process step which follows, a further layer, which may for example 
be a barrier layer 4, is applied to the semiconductor chip 1 , as represented in Figure 2d, 
by an undirected coating method, for example by means of sputtering. The use of an 
undirected coating method has the effect that the regions of the semiconductor chip 1 
lying under the undercut of the window are also covered with the applied layer, and 
consequently complete coverage of the previously applied layer or layers, for example 
of the mirror layer 2, is achieved. 

[0036] After the detachment of the mask layer 10, the semiconductor chip 1 is 
covered with a patterned layer, for example the mirror layer 2, and a further layer, 
covering this layer, for example the barrier layer 4, as shown in Figure 2e. 
[0037] A lift-off technique is generally to be understood for the purposes of the 
invention as meaning the application or formation of a mask layer, the application of one 
or more layers and subsequent detachment of the mask layer. The mask layer is 
preferably provided with an undercut, a first layer is deposited in a directed manner, and 
a second layer is deposited in an undirected manner for the complete coverage of the 
first layer, complete coverage being understood as meaning covering of the surface and 
the side flanks. 

[0038] The extent of protection of the invention is not restricted by the description 
of the invention on the basis of the exemplary embodiments. Rather, the invention 
comprises every novel feature and every combination of features, which in particular 
includes every combination of features in the patent claims, even when this combination 
is not explicitly specified in the patent claims. 
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